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Introduction {#ehf212493-sec-0004}
============

Cancer survivors often suffer from chemotherapy‐related heart failure, which limits their quality of life and increases mortality.[1](#ehf212493-bib-0001){ref-type="ref"} Modern cancer therapy includes surgery, radiation, classical chemotherapy, targeted, and immune therapy. Heart failure represents the most common cardiovascular adverse event from cancer therapy.[2](#ehf212493-bib-0002){ref-type="ref"} Both classical and novel cancer therapies contribute to the development of heart failure. Anthracyclines, the prototypic classical chemotherapy, continue to be a mainstay of anti‐cancer regimes but frequently induce heart failure.[3](#ehf212493-bib-0003){ref-type="ref"} Cardiotoxic effects are dose dependent but may also occur at lower cumulative doses. In breast cancer patients, anthracycline administration is often followed by trastuzumab (HER2 receptor antagonist), which further increases the risk for heart failure.[3](#ehf212493-bib-0003){ref-type="ref"} Several national and international cardio‐oncology organizations have forwarded recommendations for the surveillance of breast cancer patients before, during, and after therapy using imaging and biomarkers. For patients with signs of heart failure, the initiation of cardioprotective drug therapy has been recommended.[4](#ehf212493-bib-0004){ref-type="ref"}, [5](#ehf212493-bib-0005){ref-type="ref"}, [6](#ehf212493-bib-0006){ref-type="ref"}, [7](#ehf212493-bib-0007){ref-type="ref"} Evidence‐based guidelines are, however, missing.

The current American and European cardio‐oncology position papers refer to heart failure guidelines for treatment, which recommend first‐line use of beta‐blockers and angiotensin‐converting enzyme (ACE) inhibitors/angiotensin II receptor blockers (ARBs). Several studies have tried to assess whether such therapy can prevent the development of heart failure when applied before the beginning of cancer therapy. There is currently little evidence, largely because of heterogeneity relating to the choice of drugs, study cohorts, and cancer entities. We therefore performed a meta‐analysis of randomized controlled trials comparing either beta‐blockers or ACE inhibitors/ARBs to control for heart failure prevention in patients receiving anthracycline chemotherapy.

Methods {#ehf212493-sec-0005}
=======

The study was registered at PROSPERO (CRD42018082735). The analysis was performed as previously described,[8](#ehf212493-bib-0008){ref-type="ref"}, [9](#ehf212493-bib-0009){ref-type="ref"}, [10](#ehf212493-bib-0010){ref-type="ref"} complying with the 'Cochrane Handbook for Systematic Reviews of Interventions',[11](#ehf212493-bib-0011){ref-type="ref"} and the 'Preferred Reporting of Items for Systematic Meta‐Analysis (PRISMA)' reporting guidelines.[12](#ehf212493-bib-0012){ref-type="ref"}

A systematic search was conducted through Pubmed, Cochrane, EMBASE, and Web of Science databases, the major cardiology websites ([www.tctmd.com](http://www.tctmd.com/), [www.clinicaltrialresult.com](http://www.clinicaltrialresult.com/), [www.medscape.com](http://www.medscape.com/), and [www.cardiosource.com](http://www.cardiosource.com/)), and the abstracts or presentations from annual meetings of the major cardiovascular and cancer societies to identify relevant studies published until February 2019. The search was specific and sensitive using Medical Subject Headings terms and free text and considered studies published in English. The meta‐analysis included randomized studies that reported on left ventricular ejection fraction (LVEF) after 6 months of chemotherapy in cancer patients who received cardioprotective therapies compared with controls without such cardioprotective therapy. Trials with *n* \< 15 patients were excluded. Studies on combination cardioprotective therapies, studies assessing cardioprotection in patients with established cardiotoxicity or 2 × 2 factorial design were excluded from the analysis. Only studies with assessment of LV function through transthoracic echocardiography and magnetic resonance imaging were included. The primary endpoint was prevention of a decrease in LVEF as defined by the individual study.

Two reviewers independently performed the search (M. T. and R. M.). A consensus was negotiated in case of disagreement (T. R.). The following data were collected: year of publication, type of prevention strategy, data on LVEF, and available reference values. For data synthesis, mean and standard deviation of LVEF were recorded. Heterogeneity between studies was tested using Q statistics, and inconsistencies were determined using the *I* ^2^ statistical test. We considered the presence of significant heterogeneity at 10% level of significance. A value of *I* ^2^ of 0--40% denotes that heterogeneity might not be important, 30--60% may represent moderate heterogeneity, 50--90% may represent substantial heterogeneity, and 75--100% may represent considerable heterogeneity.[11](#ehf212493-bib-0011){ref-type="ref"}

For statistical analysis, a random effects model was used. Data are expressed as relative risks and 95% confidence interval (CI) for dichotomous outcomes and mean difference for continuous variables. Descriptive statistics were performed using Revman 5.3 software (The Cochrane Collaboration). Funnel plot test (Egger\'s test) was used to evaluate publication bias.

Results {#ehf212493-sec-0006}
=======

The systematic search as outlined in the [Methods](#ehf212493-sec-0005){ref-type="sec"} section revealed 183 potential trials. Review articles, experimental studies, and case reports were excluded. Thus, 14 studies were included into the final analysis. The majority of studies assessed patients receiving anthracycline therapy particularly using doxorubicin and epirubicin. The most frequent tumour disease was breast cancer followed by haematological malignancies. Eight eligible trials assessing beta‐blockers (carvedilol, nebivolol, bisoprolol, and metoprolol),[13](#ehf212493-bib-0013){ref-type="ref"}, [14](#ehf212493-bib-0014){ref-type="ref"}, [15](#ehf212493-bib-0015){ref-type="ref"}, [16](#ehf212493-bib-0016){ref-type="ref"}, [17](#ehf212493-bib-0017){ref-type="ref"}, [18](#ehf212493-bib-0018){ref-type="ref"}, [19](#ehf212493-bib-0019){ref-type="ref"}, [20](#ehf212493-bib-0020){ref-type="ref"} four studies assessing ACE inhibitors/ARBs (enalapril, telmisartan, candesartan, and perindopril),[21](#ehf212493-bib-0021){ref-type="ref"}, [22](#ehf212493-bib-0022){ref-type="ref"}, [23](#ehf212493-bib-0023){ref-type="ref"}, [24](#ehf212493-bib-0024){ref-type="ref"} and two studies assessing beta‐blockers and ACE inhibitors/ARBs in parallel arms[25](#ehf212493-bib-0025){ref-type="ref"}, [26](#ehf212493-bib-0026){ref-type="ref"} were identified (*Table* [1](#ehf212493-tbl-0001){ref-type="table"}). The sample sizes in groups were rather low, ranging from *n* = 18 to *n* = 103. The beta‐blocker analysis included 769 cancer patients, and the ACE inhibitors/ARBs analysis included a total of 581 cancer patients. Two randomized controlled trials assessing spironolactone or combination strategies were excluded from the meta‐analysis but included in *Table* [1](#ehf212493-tbl-0001){ref-type="table"}.[27](#ehf212493-bib-0027){ref-type="ref"}, [28](#ehf212493-bib-0028){ref-type="ref"} The LVEF difference was assessed after 6 months of chemotherapy.

###### 

Randomized controlled trials assessing cardioprotective regimes

  Study                                                          Year of publication  Study design   Cancer type                   Chemotherapy type               Study drug                 Sample size   Median age   \% women   Mean LVEF difference (%)
  ------------------------------------------------------------- --------------------- -------------- ----------------------------- ------------------------------- -------------------------- ------------- ------------ ---------- --------------------------
  Cardinale[21](#ehf212493-bib-0021){ref-type="ref"}                    2006          RCT            Various                       Various                         Enalapril                  56            47           60         9.7
  Control                                                                58           44             67                                                                                                                             
  Kalay[13](#ehf212493-bib-0013){ref-type="ref"}                        2006          RCT            Various                       Anthracycline                   Carvedilol                 25            46           88         17.4
  Placebo                                                                25           49             84                                                                                                                             
  Georgakopoulos[25](#ehf212493-bib-0025){ref-type="ref"}               2010          RCT            Lymphoma                      Doxorubicin                     Metoprolol                 42            51           48         3.3
  Enalapril                                                              43           47             49                            2.8                                                                                              
  Control                                                                40           49             47                                                                                                                             
  Kaya[14](#ehf212493-bib-0014){ref-type="ref"}                         2012          RCT            Breast cancer                 Anthracycline                   Nebivolol                  27            51           100        6.3
  Control                                                                18           50             100                                                                                                                            
  Dessi[22](#ehf212493-bib-0022){ref-type="ref"}                        2013          RCT            Various                       Epirubicin                      Telmisartan                25            52           76         4
  Placebo                                                                24           53             75                                                                                                                             
  Bosch[27](#ehf212493-bib-0027){ref-type="ref"}                        2013          RCT            Haematological malignancies   Anthracycline and various       Enalapril and Carvedilol   45            49           40         2.2
  Control                                                                45           50             47                                                                                                                             
  Elitok[15](#ehf212493-bib-0015){ref-type="ref"}                       2014          RCT            Breast cancer                 Anthracycline                   Carvedilol                 40            54           100        0.8
  Placebo                                                                40           52             100                                                                                                                            
  Akpek[29](#ehf212493-bib-0029){ref-type="ref"}                        2015          RCT            Breast cancer                 Anthracycline and various       Spironolactone             43            50           100        12.1
  Placebo                                                                40           50             100                                                                                                                            
  Boekhout[23](#ehf212493-bib-0023){ref-type="ref"}                     2016          RCT            Breast cancer                 Anthracycline and Trastuzumab   Candesartan                103           50           100        1
  Placebo                                                                103          50             100                                                                                                                            
  Tashakori Beheshti[17](#ehf212493-bib-0017){ref-type="ref"}           2016          RCT            Breast cancer                 Doxorubicin                     Carvedilol                 30            42           100        1.76
  Placebo                                                                40           39             100                                                                                                                            
  Jhorawat[16](#ehf212493-bib-0016){ref-type="ref"}                     2016          RCT            Lymphoreticular malignancy    Adriamycin                      Carvedilol                 27            43           14.8       3
  Placebo                                                                27           38             33.3                                                                                                                           
  Pituskin[26](#ehf212493-bib-0026){ref-type="ref"}                     2017          RCT            Breast cancer                 Trastuzumab adjuvant            Perindopril                33            53           100        3
  Bisoprolol                                                             31           50             100                           5                                                                                                
  Placebo                                                                30           51             100                                                                                                                            
  Janbabai[24](#ehf212493-bib-0024){ref-type="ref"}                     2017          RCT            Various                       Anthracycline and various       Enalapril                  34            47           97         13.6
  Placebo                                                                35           47             88                                                                                                                             
  Abuosa[18](#ehf212493-bib-0018){ref-type="ref"}                       2018          RCT            Various                       Doxorubicin                     Carvedilol                 37            42           77         1
  Placebo                                                                38           40             76                                                                                                                             
  Avila[19](#ehf212493-bib-0019){ref-type="ref"}                        2018          RCT            Breast cancer                 Anthracycline                   Carvedilol                 96            50           100        0
  Placebo                                                                52           52             100                                                                                                                            
  Cochera[20](#ehf212493-bib-0020){ref-type="ref"}                      2018          RCT            Breast cancer                 Doxorubicin                     Nebivolol                  30            53           100        1
  Placebo                                                                30           52             100                                                                                                                            

LVEF, left ventricular ejection fraction; RCT, randomized controlled trial.

The results are very heterogeneous, and the improvement of LVEF by beta‐blockade and ACE inhibition/ARBs was rather small. The mean LVEF difference between the beta‐blocker group and the control group was 2.57%, 95% CI (0.63--4.51), *P* = 0.009. The analysis included 10 studies[13](#ehf212493-bib-0013){ref-type="ref"}, [14](#ehf212493-bib-0014){ref-type="ref"}, [15](#ehf212493-bib-0015){ref-type="ref"}, [16](#ehf212493-bib-0016){ref-type="ref"}, [17](#ehf212493-bib-0017){ref-type="ref"}, [18](#ehf212493-bib-0018){ref-type="ref"}, [19](#ehf212493-bib-0019){ref-type="ref"}, [20](#ehf212493-bib-0020){ref-type="ref"}, [25](#ehf212493-bib-0025){ref-type="ref"}, [26](#ehf212493-bib-0026){ref-type="ref"} with 385 patients in the beta‐blocker group and 384 control patients. The heterogeneity was considerable between the selected studies, as shown by an *I* ^2^ value of 86%, with *P* \< 0.001 (*Figure* [*1*](#ehf212493-fig-0001){ref-type="fig"}). The risk of bias was low, according to the funnel plot test (Support[ing Information, *Figure S1*](#ehf212493-supitem-0001){ref-type="supplementary-material"}). Of note, the greatest beneficial effect was 17.4%,[13](#ehf212493-bib-0013){ref-type="ref"} while several other studies including some of the larger ones reported no detectable effects, for example, the trial by Avila *et al*.[19](#ehf212493-bib-0019){ref-type="ref"} in breast cancer patients.

![Studies for beta‐blockers in the prevention heart failure from anthracycline chemotherapy. The weight of each study is indicated as a percentage. Square boxes denote the risk ratio (RR), horizontal lines represent 95% confidence intervals (CIs), and the diamond plot represents the overall results of the included trials. SD, standard deviation.](EHF2-6-856-g001){#ehf212493-fig-0001}

The patients treated with ACE inhibitors/ARBs had a higher LVEF than controls after 6 months of chemotherapy, with mean difference = 4.71%, 95% CI (0.38--9.03), *P* = 0.03. Data are plotted from six studies[21](#ehf212493-bib-0021){ref-type="ref"}, [22](#ehf212493-bib-0022){ref-type="ref"}, [23](#ehf212493-bib-0023){ref-type="ref"}, [24](#ehf212493-bib-0024){ref-type="ref"}, [25](#ehf212493-bib-0025){ref-type="ref"}, [26](#ehf212493-bib-0026){ref-type="ref"} with 291 patients in the ACE inhibitors/ARBs group and 290 patients in the control group. The heterogeneity between the selected studies was considerable (*I* ^2^ = 94%, *P* \< 0.001) (*Figure* [*2*](#ehf212493-fig-0002){ref-type="fig"}). The risk of bias could not be assessed by the funnel plot test because the analysis included \<10 studies. Of note, in the only study using spironolactone (*n* = 43 cancer patients with spironolactone vs. *n* = 40 cancer patients receiving control), a remarkable difference of 12.1% in favour of spironolactone in a cohort of breast cancer patients has been reported.[29](#ehf212493-bib-0029){ref-type="ref"}

![Studies for ACE inhibitors/ARBs in the prevention heart failure from anthracycline chemotherapy. The weight of each study is indicated as a percentage. Square boxes denote the risk ratio (RR), horizontal lines represent 95% confidence intervals (CIs), and the diamond plot represents the overall results of the included trials. ACEI, angiotensin‐converting enzyme inhibitors; ARBs, angiotensin II receptor blockers.](EHF2-6-856-g002){#ehf212493-fig-0002}

Discussion {#ehf212493-sec-0007}
==========

Heart failure remains the most significant burden for patients receiving cancer therapy. Development of heart failure may occur during therapy or years after completion. Surveillance of patients at risk and feasible preventive therapies for younger patients (e.g. breast cancer patients or children and adolescents with haematological malignancies) remain incompletely studied. Evidence for guideline recommendations is currently not available. Based on the available data, heart failure therapy using beta‐blockers or ACE inhibitors/ABRs is associated with a moderate benefit in LVEF when applied before the beginning of cancer therapy in selected cohorts. Naturally, patients must be counselled regarding the adverse effects that come along with these pharmaceutical drugs.

This meta‐analysis has limitations. The patient cohorts were small across all studies, and individual patient data were not available. The studies only related to anthracycline‐induced heart failure and did not consider the novel, more powerful chemotherapies. Therefore, results cannot easily be extrapolated to novel targeted and immune therapies, which also largely contribute to cancer therapy‐associated heart failure development.[1](#ehf212493-bib-0001){ref-type="ref"}, [8](#ehf212493-bib-0008){ref-type="ref"}, [30](#ehf212493-bib-0030){ref-type="ref"} The present studies differ with respect to the specific drug, doses, timing (notably with reference to the timing of chemotherapy), and duration of use. Protective effects seen, for example, with one specific beta‐blocker might not be readily detectable within the entire drug group (e.g. interaction of nebivolol with nitric oxide pathway). Interestingly, some studies included lower doses of anthracycline regimes, which may not have induced heart failure at significant rates.[15](#ehf212493-bib-0015){ref-type="ref"} Heart failure is more likely with expected cumulative doses of doxorubicin (≥250 mg/m^2^ body surface area) or epirubicin (\>600 mg/m^2^).[1](#ehf212493-bib-0001){ref-type="ref"} Given the strong association with cardiac dysfunction in these patients, the efficacy of preventive therapies, the timing of drug application, and surveillance need to be evaluated in future trials. It remains furthermore unclear whether beneficial effects of preventive measures as seen in the analysed studies remain detectable once cancer therapy is terminated and beta‐blockers and/or ACE inhibitors/ARBs halted. This would clarify the question whether beta‐blockers and/or ACE inhibitors/ARBs *per se* improved cardiac function or prevented cardiotoxicity directly.

Left ventricular ejection fraction by echocardiography or magnetic resonance tomography is a surrogate endpoint, and endpoints referring to clinical symptoms, quality of life, and mortality were inconsistent. Recent evidence implicates that imaging by global longitudinal strain from speckle tracking or biomarker assessment may detect myocardial damage at much earlier stages than conventional assessment of ejection fraction by echocardiography or magnetic resonance imaging.[31](#ehf212493-bib-0031){ref-type="ref"} These clinical parameters should be further evaluated with respect to the efficacy of preventive therapy. Combined approaches using imaging in conjunction with biomarkers may be superior to identify patients at risk or with subclinical cardiotoxicity.[32](#ehf212493-bib-0032){ref-type="ref"}

Data on combination therapy by both beta‐blockade and ACE inhibition/ARBs are scarce. Combination therapy using both agents was performed in the PRADA (Prevention of Cardiac Dysfunction during Adjuvant Breast Cancer Therapy) trial using a 2 × 2 factorial design to test the efficacy of the ARB candesartan and the beta‐blocker metoprolol. The LVEF reduction in all groups was moderate. Data could not be extracted for meta‐analysis, but overall, only in the candesartan arm was the LVEF reduction somewhat attenuated.[28](#ehf212493-bib-0028){ref-type="ref"} The OVERCOME trial (Prevention of Left Ventricular Dysfunction with Enalapril and Carvedilol in Patients Submitted to Intensive Chemotherapy for Malignant Hemopathies) in patients with leukaemia also revealed a small benefit from combination therapy.[27](#ehf212493-bib-0027){ref-type="ref"}

In canonical heart failure, beta‐blockers are used to block sympathetic activity, reduce heart rate, and optimize excitation--contraction coupling. ACE inhibitors/ARBs are used to reduce blood pressure and attenuate cardiac remodelling. The pathophysiological mechanisms underlying anthracycline toxicity are complex and different from those in canonical heart failure[5](#ehf212493-bib-0005){ref-type="ref"} including topoisomerase IIβ inhibition, formation of reactive oxygen species, impairment of endothelial nitric oxide synthase, and mitochondrial dysfunction.[1](#ehf212493-bib-0001){ref-type="ref"} Future mechanistic studies must address these pathomechanisms and see whether or not beta‐blockers and ACE inhibitors/ARBs can target them. Such studies could also address the potential cardioprotection by dexrazoxane or blockade of mineralocorticoid receptors (e.g. spironolactone).

In conclusion, ACE inhibitors and beta‐blockers provide minimal preservation of LVEF. It is feasible to start these protective therapies in patients at risk scheduled for high dose classical chemotherapies particularly with pre‐existing cardiovascular risk factors. Development of adequate approaches for the prevention of chemotherapy‐related heart failure not only in terms of preservation of LVEF but even more in quality of life and survival is the eminent goal for cardio‐oncological research. This need is even greater with the advent of novel, more powerful chemotherapies.
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**Figure S1**. Risk of bias in the beta‐blockers meta‐analysis. Studies with high precision are plotted near the average, and studies with low precision are spread evenly on both sides of the average, creating a roughly funnel‐shaped distribution, which indicates a non‐ significant publication bias (Egger\'s test).
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Click here for additional data file.
